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1 Introduction

This document is intended to provide additional information supplementing reference
[1]. The discussion describes the details of the implementation of the proton nonelastic
cross section parameterization[2] for LAHETTM usage. It also documents extensions of
the method to stable nuclei with 2 < Z <'5.

2 Equations of the Parameterization

As noted in reference [1], the equations quoted in [2] are incorrect. However, a corrected
set[3] was obtained, implemented, and verified. The actual equations used to produce
the proton nonelastic cross sections for isotopes with Z > 6 are the following.

E = incident proton energy (GeV)

To = 1.36
bo = 2.247 — 0.915(1 — A~'/3)
s0 = 10mr? (1 + AY3 — by(1 — A7/3Y)

1—0.15¢"E

70 = soln{d = 2) T 0074

p1 =8(1 — A™" — 0.001A)

ps = 2(1.17 — 2.TA™* — 0.0014A)
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p3 = 0.8 + 18471 —0.0024
pa = 8(0.7 — 0.0024)
ps = 1.37(1+ A7)

1
~ 1+exp{—pi(logis E + p2)}

£

1
Fr,=1+ 1-—
’ b ( 1 + exp{—pa(log,o E +p4)})
o = 0o F1 Fy (millibarns)

3 Modifications for 2 <7 <5

For Z <5, the proton nonelastic cross sections obtained from the above parameteriza-
tion diverge greatly from the data of reference [4]. To extend the range of the method
to lighter isotopes, the the adjustments shown in Table 1 are applied.

Z|A %0 P1 P2 ps P4 Ps

5 - 0o P1 P2 + 0.3 2p3 08p4 Ps + 0.3
40 - | oo |0.7p1 | ps+0.25|75ps | 0.6pa | ps+0.7
3|7 11log | 0.7py | po +0.3 | 8ps | 0.65p4 | ps + 0.65
2| 4| 1.2500 | 2.3p1 | ps + 0.55 | 4ps | 0.65ps | ps + 0.7
2 3 0o 2p1 P2 + 0.9 4p3 065p4 Ps + 0.7

Table 1: Parameter modifications for 2 < Z <5

These adjustments were obtained rather quickly by an entirely empirical, trial-and-
error method. The resulting cross sections are shown in Figure 1, along with the data

used to obtain the fit. The comparison is good, except for Z = 2 which shows need for
improvement.

4 Maximum Proton Nonelastic Cross Sections

The tracking algorithm used in LAHET requires the use of some energy independent
Omaz(A4, Z) such that

Omaz(A, Z) > o(A, Z, E)



LA-UR-97-1745 3

for all energies. The following approximation was found that satisfies the need without
introducing unnecessary inefficiency into the transport process for protons.

Omaz = Soln(A — Z)(1 +2A7" — 0.0026A)

where s is calculated as in Section 2. This expression applies for all nuclei with Z > 6.
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Figure 1: LAHET parameterization of proton nonelastic cross sections for light isotopes
compared with the Barashenkov data compilation[4].



